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(57) ABSTRACT 

A casting die for the production of a cylinder block/ 
crankcase of an internal combustion engine includes at least 
one sleeve, which may be moved relative to its axis and is 
fitted in each case with a cylinder liner, the Sleeve keeping 
open the cylinder bore of the cylinder block/crankcase and 
extending from a wall on the cylinder-head Side of the die to 
a wall on the crankshaft side of the casting die. The cylinder 
liner ends at least 3 mm before the wall on the cylinder-head 
Side of the casting die, and the cylinder liner is held at a 
distance from the wall on the cylinder-head side of the 
casting die by a Spacer. 

16 Claims, 3 Drawing Sheets 
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CASTING DE FOR THE PRODUCTION OF A 
CYLINDER BLOCK/CRANKCASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority to Application No. 
101 53 721.2, filed in the Federal Republic of Germany on 
Oct. 31, 2002, which is expressly incorporated herein in its 
entirety by reference thereto. 

FIELD OF THE INVENTION 

The present invention relates to a casting die. 

BACKGROUND INFORMATION 

To Save weight, cylinder block/crankcase units are 
increasingly being manufactured from aluminum alloys by a 
variety of casting methods, preferably die-casting. Since 
aluminum alloys, which are good for casting, often do not 
meet the tribological requirements along the bearing Sur 
faces of the cylinders, measures are taken to improve the 
properties of the material in these areas. One of these 
measures is the casting in of cylinder liners. 

German Published Patent Application No. 4438 550 
describes a crankcase with cylinder liners made of hyper 
eutectic aluminum-silicon alloys. The alloys described are 
particularly wear-resistant due to their high Silicon content. 
Moreover, cylinder liners of this kind have a low relative 
density and-a particular advantage in comparison with 
cylinder liners based on iron-their thermal expansion coef 
ficient is closer to that of the aluminum casting alloy than the 
expansion coefficient of iron. 

Irrespective of the type of liners, bonding between the 
Solidified casting metal (Surrounding cast metal) and the 
cylinder liner is often inadequate. This results in gaps, which 
hinder heat transfer between the cylinder liner and the 
Surrounding cast metal. In many cases, bonding between the 
liner and the Surrounding cast metal is better toward the 
bottom of the liner, toward a crankshaft Space, than toward 
the top, close to the cylinder head. However, it is precisely 
in the vicinity of the cylinder head that the thermal and 
mechanical loads on the cylinder liner are greatest. In the 
case of conventional engines, the Slight bonding between the 
cylinder liner and the Surrounding cast metal does not result 
in any functional disadvantage. In the case of modern 
engines, which feature very high-pressure forced induction, 
improved bonding between the liner and the Surrounding 
cast metal may be necessary. 

It is an object of the present invention to improve the 
bonding between a cylinder liner and the Surrounding cast 
metal in a cylinder block/crankcase, especially on the 
cylinder-head Side. 

SUMMARY 

The above and other beneficial objects of the present 
invention are achieved by providing a casting die as 
described herein. 

The casting die according to an example embodiment of 
the present invention corresponds to a conventional casting 
die (in particular a die-casting die) for cylinder block/ 
crankcase units to the extent that it is constructed from at 
least two die parts which, when closed, form a die cavity in 
the form of the crankcase. For ejection of the cavities and the 
bore, the die generally has a plurality of Slides. To produce 
the cylinder bores, the casting die includes cylindrical 
sleeves. The sleeves may be part of a slide (sleeve slide, in 
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2 
the case of V-engines, for example) or may be secured 
rigidly in the die cavity (in the case of in-line engines, for 
example). The casting die is generally a die-casting die but 
other casting methods, e.g., methods similar to die casting, 
may be employed in accordance with the present invention. 
The sleeves extend through the casting die from a wall on 

the cylinder-head Side to a wall on the crankshaft side (crank 
space slide). The wall on the cylinder-head side of the 
casting die represents the Surface of the Subsequent crank 
case on which the cylinder head is mounted after the 
machining of the parting plane of the cylinder head. 

Cylinder liners are placed on the sleeves and Subsequently 
at least partially form the bearing Surfaces of the cylinders. 
The cylinder liners are fixed on the sleeve so that the 
cylinder liner ends, e.g., at least 3 mm before the wall on the 
cylinder-head side. The cylinder liner is held at least this 
distance by a Spacer in the casting die. 
One advantage of this arrangement may be that a melt of 

a casting metal (e.g., an aluminum alloy but also a magne 
sium alloy) may flow past an upper edge of the cylinder 
lining during filling and overflows the latter. Accordingly, 
the melt has a relative Velocity with respect to the upper edge 
of the liner, contributing to a Surface layer on the liner 
consisting essentially of an oxide skin being torn open and 
removed. 
The oxide skin, which occurs on any light-alloy Surface 

and thus also occurs on the cylinder liners, which may 
contain aluminum, prevents optimum joining of the Solidi 
fied casting metal (Surrounding cast metal) and the cylinder 
liner. Once this oxide skin (which may also contain other, 
organic impurities, e.g., Soot, dust, residues of the die release 
agent, etc.) has been removed, the melt may locally melt the 
Surface of the liner and join cohesively to it. A cohesive joint 
between the cylinder liner and the Surrounding cast metal 
may be advantageous particularly in the region of the liner 
close to the cylinder head Since it is here that the highest 
preSSures and thus the highest mechanical loading may act 
on the liner. The casting die according to the present 
invention may result in a cylinder block/crankcase which 
may withstand higher pressures and thus may allow a higher 
engine power. 
The Spacer may be in each case mounted on the Sleeve on 

which the cylinder liner is placed. The Spacer on the sleeve 
may be in the form of an offset. The offset extends radially 
around the sleeve and the upper edge of the liner rests at least 
partially on the offset. 
The offset may be interrupted one or more times as it 

extends around. This also includes an offset that is in the 
form of a Single nose or of the plurality of noses. 
By its very nature, the offset produces a receSS in the 

cylinder track in the cast crankcase above the cylinder liner. 
Where the overcast region above the cylinder liner is 
retained when the engine is assembled, it is possible to 
configure the offset with a limited radial depth. The radial 
depth of the offset may be less than the radial removal of 
material during the finish machining of the bearing Surface 
of the cylinder. 
The Spacer may also be part of the cylinder liner, e.g., in 

the form of pinnacles or peaks, e.g., through an encircling 
offset on an upper edge of the cylinder liner. The Spacer may 
also be formed by an additionally inserted distance ring. 
Above the respective cylinder liner, the casting die may 

have an opening leading to a cavity, into which melt may 
flow off. The effect of this arrangement may be that the melt 
has a relative Velocity with respect to the liner in the upper 
region of the liner since it may flow off into the cavity. The 
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kinetic energy of the moving melt may break up the oxide 
skin on the liner. 

The cavity may be connected to the opening by a narrow 
passage, which may be cut off with little effort after the 
Solidification of the component. The cavity and the passage 
may be arranged in a parting plane of the die to ensure a 
good casting ejection capability. 

The cylinder liner may be composed of a hypereutectic 
aluminum-silicon alloy. Compared with aluminum casting 
alloys, Such alloys may have improved wear resistance and 
may be distinguished by their low relative density and 
Similar thermal expansion coefficients to those of the alu 
minum casting alloy. However, all materials with good wear 
characteristics may be Suitable as a material for cylinder 
liners, including, e.g., ferrous materials. 

Example embodiments of the present invention are 
explained below with reference to the figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary view of a casting die for a cylinder 
block/crankcase with a sleeve and a cylinder liner with an 
all-round offset on the sleeve. 

FIG. 2 is a fragmentary view of a casting die for a cylinder 
block/crankcase with a sleeve and a cylinder liner with a 
discontinuous offset on the sleeve. 

FIG.3 is a fragmentary view of a casting die for a cylinder 
block/crankcase with a sleeve and a cylinder liner with an 
offset in the cylinder liner. 

FIG. 4 is a fragmentary view of a casting die for a cylinder 
block/crankcase with a sleeve and a cylinder liner with a 
cavity for molten metal. 

DETAILED DESCRIPTION 

The fragmentary view, illustrated in FIG. 1, of a casting 
die 2 according to the present invention includes a sleeve 4, 
which extends from a wall 5 on the cylinder-head side of the 
casting die 2 to a wall on the crankcase side of the casting 
die 2. A cylinder liner 6 is placed on the sleeve 4 and held 
at a distance from the die wall 5 by a spacer in the form of 
an all-round offset 8. Normally, a cylinder block/crankcase 
has a plurality of cylinderbores, and the casting die thus has 
a plurality of Sleeves, each with a cylinder liner. 
The flow 10 of molten casting metal is such that it 

overflows an upper edge 11 of the cylinder liner 6. The speed 
of the flow 10 of molten metal is so high in the region 11 that 
an oxide skin is split open. Due to the influence of the molten 
metal, the surface of the cylinder liner melts, with the result 
that, when the molten metal has Solidified, there is a cohe 
Sive joint between the cylinder liner 6 and the Surrounding 
cast metal. 

The distance between the upper edge 11 of the cylinder 
liner 6 and the die wall 5, which is determined by the offset 
8 (or offset 9 in FIG. 2), is at least 3 mm. This minimum 
distance may be required to ensure a Sufficient rate of flow 
in this region. In practice, a distance of between 4 mm and 
8 mm may be provided. In principle, the flow behavior of the 
molten metal in this region may be improved by a larger 
distance if the overflow is then removed by machining, this 
means a continuous increase in the outlay on machining as 
the distance increases. 

The crankcase removed from the casting die 2 has a raised 
portion due to the Surrounding cast metal in the region of the 
upper edge 11 of the cylinder liner. This Surrounding cast 
metal may be removed by machining, giving a flat Surface 
for the mounting of a cylinder head. The Surrounding cast 
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4 
metal of the at least one cylinder liner may be configured So 
that a continuous flat Surface for the mounting of the 
cylinder head is formed. This surface may merely be finely 
machined in an appropriate manner, it being possible to 
dispense with removal by machining up to the cylinder liner 
if the other design characteristics of the crankcase allow this. 

If the option of leaving the Surrounding cast metal above 
the cylinder liner is chosen, account may be taken of the fact 
that the offset 8 and offset 9 (FIG. 2) project radially beyond 
the sleeve only to the extent that they are within the 
machining tolerance of the bearing Surface of the cylinder. 
During the machining of the crankcase, up to 3 mm of the 
bearing Surface of the cylinder is removed radially. In all 
cases, care may be taken that the offsets 8 and 9 are capable 
of being removed from the die, as indicated in FIGS. 1 and 
2 by casting-ejection bevels. 
The fragmentary view, illustrated in FIG. 2, of a cylinder 

block/crankcase differs from that in FIG. 1 only in that the 
radially encircling offset 9 is interrupted in Several places. In 
FIG. 2, the offsets 9 are in the form of noses. In this 
configuration, at least one nose 9 is required. 
The Spacer may also configured as an offset 13 in the 

cylinder liner 7 as illustrated in FIG. 3. In other respects the 
casting die 11 in FIG. 3 is constructed in the same manner 
as the die 2 illustrated FIGS. 1 and 2. The sleeve 12 does not 
have an offset. 

Another possible configuration of the present invention 
consists in an arrangement as illustrated in FIG. 4. In this 
case, the cylinder liner 18 rests directly on the wall 20 on the 
cylinder-head Side of the casting die 14. In this arrangement, 
the relative velocity of the flow 28 of molten metal with 
respect to the upper region of the cylinder liner 18 is 
achieved by virtue of the fact that the molten metal 28 may 
flow off into a cavity 26 through an opening 22, via a 
passage 24. The effect as regards the Splitting open of the 
Surface oxide Skin and the melting together of the Surround 
ing cast metal and the cylinder liner corresponds to that 
described in relation to FIG. 1. 
One aspect of this arrangement is that the overlapping 

regions formed on the cast crankcase by the passages 24 and 
of the cavities 26 may be simply cut off. On the other hand, 
removal of the filled cavities 26 from the casting die 14 may 
require a special design effort. Aparting plane may be placed 
between two die halves so that it is in the plane of the 
drawing in FIG. 4. If this is not possible for design reasons, 
a receSS, into which a lost core with a cavity Similar to the 
cavity 26 is inserted, may made in the die wall 20. This core 
may be taken from the die with the casting and then 
removed. 
What is claimed is: 
1. A casting die for production of a cylinder block/ 

crankcase of an internal combustion engine, comprising: 
a wall on a cylinder-head Side; 
a wall on a crankshaft Side; 
at least one Substantially cylindrical Sleeve, each fitted 

with a cylindrical liner, the sleeve configured to keep 
open a cylinder bore of the cylinder block/crankcase 
and extending from the wall on the cylinder-head Side 
to the wall on the crankshaft-side, the cylinder liner 
ending at least 3 mm before the wall on the cylinder 
head Side, and 

a Spacer configured to hold the cylinder liner at a distance 
from the wall on the cylinder-head side. 

2. The casting die according to claim 1, wherein the 
Spacer is Sunk into the Sleeve. 

3. The casting die according to claim 2, wherein the 
Spacer includes an offset in the sleeve. 
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4. The casting die according to claim 3, wherein the offset 
extends around the sleeve. 

5. The casting die according to claim 3, wherein the offset 
includes at least one interruption. 

6. The casting die according to claim 3, wherein the offset 
projects to a machining depth of the cylinder bore. 

7. The casting die according to claim 1, wherein the 
Spacer is integrated into the cylinder liner. 

8. The casting die according to claim 7, wherein the 
Spacer includes an offset in the cylinder liner. 

9. The casting die according to claim 1, wherein the 
Spacer includes a distance ring. 

10. The casting die according to claim 1, wherein the 
cylinder includes a hypereutectic aluminum-silicon alloy. 

11. A casting die for production of a cylinder block/ 
crankcase of an internal combustion engine, comprising: 

a wall on a cylinder-head Side; 
a wall on a crankshaft Side; 
at least one Substantially cylindrical sleeve, each fitted 

with a cylinder liner, the sleeve configured to keep open 
a cylinder bore of the cylinder block/crankcase and 
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extending from the wall on the cylinder-head Side to the 
wall on the crankshaft Side; 

at least one opening arranged above a respective cylinder 
liner in a region of the wall on the cylinder-head Side; 
and 

at least one cavity arranged behind a respective opening. 
12. The casting die according to claim 11, wherein the 

cylinder liner includes a hypereutectic aluminum-silicon 
alloy. 

13. The casting die according to claim 11, wherein the 
cavity is configured to receive a flow of molten metal 
through the opening. 

14. The casting die according to claim 11, wherein the 
cavity is fluidly connected to the opening through a passage 
in the wall on the cylinder-head side. 

15. The casting die according to claim 11, wherein the 
casting die includes a parting plane through the cavity. 

16. The casting die according to claim 11, wherein the 
cavity is arranged in a lost core disposed in a receSS in the 
wall of the cylinder-head side. 

k k k k k 


